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ABSTRACT 

1. INTRODUCTION 

The “bright’ b a n d , ”  :I ratltlr phetIonIenon, is :L n:wt*ow 
horizontal zone of relatively high illtcwsity  :~ssoc*i:~trtl 
with the freezing  level a 1 1 d  is gencrdly  observed i l l  fairly 
stable precipitation.  It, is the  result of rcfie.c.tivit\- cll:lllgcs 
caused by t,he  melting, conlcscence, accdcr;btion of fall 
velocity, ant1 particle s h p c  tliffercnces crlcountcw3tl mllc.tl  

snow falls through  the  frcczing  lcvel :t~ld grtdu:dly c.hung.cs 
to liquid precipit,ut,ion.  Detailed  tretttrurwts of tile sub- 
ject have  been  given by Austin :ml Btnlis [I]  a n c l  Wexlor 

The bright b n n t l  is usu:dl~- associ:ited with :t progressive. 
decrease of’ ternpcrat’ure with  height. ‘I‘his paper tlis- 
cusses it as observed  with an inversion aloft, when  flrcz- 
ing, or below  freezing, telnper.:atures were o1)servctl :lt thc 
station. Three (wscs :arc exalnined,  tllc S I I O T V S ~ O ~ I I I S  of 
December 11-12 and December 21, 1960, : m t l  t h a t  of 
Februltry  7-8, 1961. In   cwh  case the prccipitrttioll oh- 
served was snow,  sleet, or freezing  rain. 

The observations were macle at’ W:lsllingtoll Ntltiorl:d 
Airport,, using the  Range-Height  Indicat,or (RH1 sc-op(~) 
of the  WSR-57  Wetather  Surveilltmce Radar. I n  :ad- 
dition, during the storm of Fcbrunry 7-8, 1961, the 
AN/TPQ-l I ,  a ver.tic:lll~-poir~ting,  cloud-dtt cctioll radar 
was available.  This r t~dar  scans precipitation  passing 
directly overhead. Its presentation is :I continuous time- 
height facsimile  recording. 

PI. 

2. OBSERVATIONS 

WSR-,57 Obseruations.-‘~able 1 lists  the WSR-57 
bright band  observations  made  during  the  three  storms. 
It also shows some of the  surface  elements  observed a t  
Washington Kationd  Airport for corresponding  times. 
Note that  in all but, two instances, 2100 EST February 7 
and 2200 EST February 8 (before precipitation began ant1 
after it  ended)  the  surface  t~ernperat~ures  were a t  or below 
freezing, and the  observed  precipitation was snow,  sleet, 



TABLE 1.-Radar and  surface  observations  during  three  snowstorms  at  Washington, D.C., when  hright  band w a s  observed with  surface 
temperature  at or below freezing 

Date 

12/11/60 

-~ 
12/12/60 

12/21/60 

2/8/61 
2/7/61 

Tim? 
(EST) 

2225 

2300 
0000 

0200 
0300 

0500 
OBOO 

2100 
0300 
0500 
0600 
0700 
0800 

0400 

0900 
l ion 
1800 
1900 
2000 
2100 
2200 

80 60 
40 20 
80 60 
60 40 

60 40 
60 40 
60 40 
SO 40 
50 30 

70 x 
A0 40 
50 30 
50 30 
50 30 
50 30 
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50 x 
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40 X 
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hand) below the ceiling. 
*At 2100 EST Feb. 7 and 2200 EST Feb. 8, the  observed  bright bands arc helow thc ceiling hcxights. This is duc to thc radar's detcction oI precipitation ah f t  (containing bright 

cornplet'ion of the freezing  process and t>he formation of' the  
sleet  observed at the  airport at  this  time. 

The lower  layer was short-lived, and was not  reported 
at   the 2300 EST observation.  Significantly,  the  precipita- 
tion  had  changed to snow :md sleet,  indicating a less 
efficient melting  process and the introduction of both 
snow and liquid  precipitation  into  t,he  lower  layers. l'his 
would have resulted  in a lower  concentration of' water- 
coated  spheres,  hence a loss of reflectivity,  since t h e  radar 
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FIGURE 1.-RH1 scope, 2225 EST, December 11, 1960.  Settings: 

25-mile range;  azimuth 111'; 4-microsecond  pulse  length;  reduced 
gain. 

return f'ro~n water-coated  surfaces  is  considerably  greater 
t h m  that  from snow. 

Figures 4, Ti, and 6 show bright' bttnds observed  during 
thc sccond Derember  storm and the  February  storm, 
supcrinlposed  upon  upper-air  soundings  released a t  the 
approxirnatc  times of t'he  radar  observations. All of the 
soundings  feature  inversions  aloft,  generally beginning 
1,000 to 2,000 feet above t'hc surface. 

In figure 4 the inversion  t'emperat'urct  exceeds 0' C., with 
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FIGURE 2.-"HHI scope, 0215 EST, December 21, 1960. Set'tings: 

25-mile:range; azimuth 137'; 4-microsecond pulse 1engt)h; reduced 
gain. 



the top of the  bright'  band  approsinlately 500 fcrt 1)elow 
the  freezing  level  and the  center tibout 1,500 feet  helow. 
(Although  Weather  Bureau stlktions transnlit t h e  top of 
the bright  band,  much of the1itcr:Ltur.c to dut,e has used thc 
center as a reference  lrvel, to elitninat'e vert,ic:tl distortion.) 

In figures 5 antl 6 thc  trrnperaturc  in  the inversion 
layers is less than O O C .  Howcvcr, it  should be pointed 
out that  this storm was associated  with n coastal Low, 
and temperatures were often  progressively  warmer fronl 
west to  east  becausc of the  advection of ocean  air  int'o the 
lower levels.  This was reflected in the bright b m d ,  
which was frequently  higher east a n t l  south of thc  station, 
and on several occasions was tlctec*ttLblr only to  the  east'. 
This  was t'he case with the  bright  band of figure 6, which 
shows little  relation  to the sounding.  Both r>Lot)s wrrc 
released fronl  Sterling, Va., about 23 miles west-northwest 
of the  airport, t tnd computations bttsctl on the low-level 
winds aloft  indicatc  that,  in w c h  c t ~ s r ,  the tJalloor1 W B S  

within a few Inilcs ol' thc r ~ l c a s e  sitc  at  the  altitude of the 
radar bright t m d .  

The  bright band of figure 5 was o1)servecl in a11 y u d -  
rants, to  15 11. mi. Assunning  tln t~verzrge sounding just' 
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slightly warmer iElan ihat  intlicatcd, i t  S ~ O I I I S  reasonable 
to considcr the  top of tmhc  stablc layer near 6,000 feet' as 

FIGURE :3.-WSR-57 bright  band  and  secondary  layer of 2225 EST, 

approximating tile freezing level, wittl  ttlc top of tile 1)rigllt 
band 1,000 feet,  and  the center 2,000 f e e t 8  below  t'llis point. 
AS we have assutlletl a little  warmer  sountlit~g,  it is possible 
that these  hright differerl,ces r ~ ~ a y  have  been  slightly 
greater, since t,he freezing  level  could have been somewhat 
higher than 6,000 feet'. Notc t.hat the stlsrpcr  inversion 
of figure 4, pronlot'irlg relaiively  faster rllclting of t'lw 
frozen precipitat,e,  produced R higher  (with rcspcct t o  tllc 
freezing level)  bright b t t n d  than t'htrt of figure 5 .  

ANITPQ-li Obsr,ruations.-~-Figurrs 7, 8, and 9 are 
photographs of the fwsimile  record of the AN/TPQ-I 1 
radar. In thc  recorder  unit  thc paper is t,rwnsport8ecl from 
left to right,  therefore on the fwcsitnilr tmce  the  earlier 
times are to  t,he  right. Therc arc t8wo  heightl scdes shown 
in the photographs:  15,000  feet t ~ n d  30,000 feet'. The 
horizontal lines  represent, 5,000-foot height, intc>rvds wtdc 
the vertical  lines arc 5-nlir1ute time  incrernent8s. 

In figure 7a most of the  chart  shows a gradually  lowcr- 
ing layer of precipit'ation  ttloft,  approximattc1y  15,000  feet 
thick.  On the  left  side  the  scale has changed  from 30,000 
to 15,000 feet,  wit'h 45 decibels of attcnuation  (gain rcduc- 
tion) inserted. The  rat,her  broad  pat,tern renluirlirlg is  t'he 
bright band,  in  this case a fairly  thick  layer.  Alt'hough 
the  base of the  precipitation  aloft' is below 5,000 feet',  the 
reported ceiling was 14,000  feet  estinlat,ed, and later, 
12,000 feet measured.  Again, as with  the WSR-57, t'his 
illustrates the  tendency of radar  to  portray precipit8at8iorl 
rather than  cloud  droplets.  This  detection  preference  has 
been commented  on by At'las and Kessler [ 3 ]  in a recent 
evaluation of the AK;/TPQ-11.  Figures 8 and 9 are ex- 

December  11, 1960 superimposed  (stippled)  upon  the 1800 EST 

(release  time)  upper-air  sounding of the  same  date. 
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FIGIJRE 5.-WSR-57 bright  band of 0600 EST, February 8, )!I61 
superimposed  (stippled)  upon  the  upper-air  sounding of the SUIIIC 

time (rcleasc time)  and  date. 
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FI(:I.RE ci.--JYSll-57 bright band of 1800 EST, February 8, 1961 
supcrirrrposrd (st'ipplcd) up011 the uppclr-air sorlndirlg of the same 
titno (rclease time) and date. 

FIGURE 7.-AN/TPQ-11 facsimile trace  for 2105 tJo 2255 EST, February 7, 1961. The  horizontal lines represent 5,000-foot height intervals. 



FIGURE 8.-AN/TPQ-11 facsimilc t,rnce for I550 to  1750 E ~ T ,  F e h w u y  S, 1961. Thc horixontnl 1i11es represent 5,000-foot height intervals. 

FIGURE 9.-AN/TP&-lI facsimile  trace  for  1845 to  2035 EST, February 8, 1961. The horizontal lines represent 5,000-foot height  intervals. 
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TART~E 2.-Comparison  between WSR-57 and ANlTPQ-11 radar the  WSR-57  observation,  the  bright  band is too  high to  
observations fit  the  sounding,  and  implies a warmer  sounding  over  the 

1 1 WRR-57observations 1 AN/TPQ-11 trace 
rnl- - 

Date I &%: 1 
Top Base I Top Base 

(102 ft.) (102 ft.) 

2/7/61”.” 70 X 2100 
2149 

25 
0300 2/8/61..”- 

50 
60 2255 
80 

60 40 
1700 40 X 
1718 
1744 

50 
50 

30 
30 

-, 

st’at’ion. 
3. SUMMARY 

During  three  snowstorms of the 1960-61 season, radar 
bright  bands  were  detect,ed at  Washington  National Air- 
port  when  surface  temperatures were at, or  below,  freez- 
ing.  Exanlinat’ion of the  upper-air  soundings  made  during 
these  storms  confirms  t8he  existence of inversions  aloft in 

50 
55 X 

1900 X 
45 2000 
50 30 the  vicinity of the  radar  bright  bands.  A  comparison of 

2035 
25 

40 35 t’he  heights  recorded  for  t8he  WSR-57  bright  bands  with 
2100 50 X t,hose of the An’/TPQ-11  presentation  indicates  a  reason- 

able  degree of correlrttion  between  the  two syskrns. 

decreasing  in  intensity,  almost  disappearing at  t’he  left ACKNOWLEDGMENTS 
edge of figure  9b. 

As shown  in  table 2, there  appears  to be fair  agreement, 
between  the  two  radar  systems.  n’ormally,  the  AN/TPQ- 
11 radar,  with  a  vertically-pointing  beam  subject  only  to 
a  small  pulse-width  error, as compared  to  the  beam-width 
error of the WSR-57, should  be  more  accurate  in  this  type 
of measurement,  although  fairly  heavy  precipitation will 
cause  this  short  wavelength  radar  to  attenuate  badly, 
losing much of its  detection  capability. 

Comparing  the  AN/TPQ-11  trace  with  the  1800 EST 

raob of February 8 (fig. 6), we find the  top of the  bright 
band  at 1744 EST approximating  the  top of the  stable 
layer at  about 5,000  feet, 500 feet below the  top of the 
WSR-57 bright  band.  Even  assuming  that  this  stable 

The  authors would  like  to  express  their  appreciation to  
Mr.  Donald  Marier of the  Washington  National  Airport 
Radar  Unit,  who  provided  the  AN/TPQ-ll  facsimile 
charts  and  one of the  RH1  photographs  used in this paper. 
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